Alternation of cellular genes expressions during Adenovirus type 2 (Ad2) infection in IMR-90 21 cells was studied using paired-end sequencing and stable isotope labeling of amino acids in 22 cell culture mass spectrometric analysis (SILAC-MS). At transcriptional level, cellular genes 23 involved in different pathways revealed distinct expression profiles. At early phase, the genes 24 involved in regulation of cellular immune response, cellular signaling and cell growth control 25 were among the most deregulated. Later follows, in an orderly fashion, genes involved in cell 26 cycle control, DNA replication and further on genes engaged in RNA processing and protein 27 translation. Comparison of cellular gene expression at transcriptional and posttranscriptional 28 levels revealed low correlation. Here we highlight the genes which expose opposite 29 expression profiles with an emphasis on key factors that play important roles in cellular 30 immune pathways including NFB, JAK/STAT, caspases and MAVS. Transcription of many 31 of these genes was transiently induced early, but became down-regulated in the late phase. In 32 contrast, their expressions at protein level were up-regulated early and so sustained until late 33 phase of infection. Suppression at the transcriptional level and enhancement at the protein 34 level of immune response genes most likely illustrate counteractions between Ad2 and its host 35 cell. 36 37 38 3 Importance 39
of the adenovirus replication cycle is simplified. Introduction expression following the protocol (49), respectively. FPKM (fragments per kilobase of exon 181 per million fragments mapped) method was employed to normalize gene expression. To 182 strengthen the reliability of our results, lowly expressed genes (< 10 FPKM in all libraries) 183 were filtered out. 184 Identification of differentially expressed genes in Ad2-infected cells 185 To identify genes deregulated in early and late phases of Ad2 infection, we infected and mock cells, respectively. A cut-off of more than 2-fold increase or decreas was 192 used. Second, a p-value that represents the significance for differential expression was 193 calculated based on Poison distribution (50). A cut-off for p-values (< 0.05) was used for 194 differentially expressed genes. Last, an R package called NOISeq was used to calculate the 195 probability of differential expression of a gene in a comparison (51). Only those genes with 196 probability > 0.7 were kept for further analysis. 197 Gene Ontology and KEGG pathway enrichment 198 To determine the biological processes and KEGG pathways affected by human adenovirus 199 type 2, differentially expressed genes were analyzed by DAVID Bioinformatics Resources 6.7 However, the former study was less stringent and included gene covered with more than 1 241 reads (42).
242
Based on the kinetics of changes of gene expression at different stages of infection, 243 3451 out of 3556 genes fell into 20 major different expression clusters ( Figure 1 ). The 244 complete list of genes in each cluster is included in supplementary Table S1 . At 6 hpi, more 245 than 87% of the differentially expressed genes were up-regulated (cluster 1+2+3+4).
246
Expression of nearly all of these genes reached their highest level at 6 hpi, except two which 247 reached their highest levels at 12 hpi. Then about 80% of them became down-regulated during 248 the late phase of infection (clusters 1 and cluster 2). The rest either remained up-regulated 249 (cluster 4), or were gradually reduced to the basal level in the late phase (cluster 3). Only 9 250 genes (cluster 5) were down-regulated at 6 hpi and their expression remained suppressed until 251 the late phase.
252
At 12 hpi, 122 and 78 genes, became up-and down-regulated in addition to the 253 differentially expressed genes at 6 hpi. Among the up-regulated genes, about 1/3 increased 254 until 36 hpi (Cluster 6), 1/3 remained at a similar level through the rest of the infection 255 (cluster 7), and the remaining 1/3 was only transiently up-regulated at 12 hpi (Cluster 9) and 256 became down-regulated at 24 hpi (cluster 11) or at 36 hpi (cluster 10). Except one gene, all 257 down-regulated genes at 12 hpi remained suppressed until the late phase (cluster 12).
258
The most dramatic changes in gene expression took place between 12 to 24 hpi then 259 the infection proceeded from the early to the late phase. Thus, expression of 1585 and 447 260 (2032 in total) additional genes were up-and down-regulated at 24 hpi. Based on the 261 expression changes at 36 hpi, the up-regulated genes at 24 hpi fell into four profiles (Cluster 262 13+14+15+16). Expression of 59% of these genes increased until 36 hpi (Cluster 13), whereas 263 25% decreased but remained higher (>2-fold) than in non-infected cells (Cluster 14) and 15% 264 declined to less than 2-fold change at 36 hpi (Cluster 15). Only 6 genes became down-regulated at 36 hpi (Cluster 16). Among 447 down-regulated genes, 75% decreased 266 continually until 36 hpi (Cluster 17), while 25% remained at a similar level (Cluster 18).
267
Change in cellular gene expression was modest between 24 to 36 hpi as compared to that 268 between 12 to 24 hpi. In comparison to non-infected cells, expression of 737 (Cluster 19) and 269 408 genes (Cluster 20) became up-or down-regulated at 36 hpi in addition to the genes that 270 were differentially expressed at 12 or 24 hpi. variety of signals and is involved in cellular stress response. Only 9 genes were present in 282 cluster 5 and therefore no significant functional categories could be identified by DAVID. 283 However, four (PTPN12, MAP4K3, ERRFI1 and LBH) out of the 9 genes, are involved in 284 cellular signaling and growth control.
285
During the period between 6 and 12 hpi, adenovirus early genes begin to be expressed, 286 redirecting cellular gene expression. The up-regulated cellular genes are involved in DNA 287 replication (Clusters 6 and 7), including Minichromosome Maintenance Complex repair system (MMR) alpha (MSH2-MSH6 heterodimer). In addition, genes implicate in 290 transcription and pre-RNA processing were prominent in cluster 6. Genes implicated in cell 291 cycle were significant in Cluster 7, including CDC25A, CCNE2, CCNE1 and CDK2, the key 292 regulators for the progression from G1 to the S phase. Although no significant function was 293 identified for clusters 8 to 11, several genes, such as JunB, GADD45B and PAPPA function 294 in control of cell growth and proliferation were included in this cluster. The most significant 295 function for the down-regulated genes was actin cytoskeleton organization.
296
There was a dramatic increase in the number of differentially expressed genes between grouped into 20 clusters (C1-C20). The numbers of genes in each cluster and the number of 725 differentially expressed genes identified at each time point were indicated on the right hand side (Note 726 that the numbers of genes at 12, 24 and 36 hpi are different to the Table 1 because many genes were 727 identified as differentially expressed at more than one time point, but included only in one cluster). 
